Neurospora and Gelasinospora are traditionally distinguished by the ornamentation pattern of the surface of their ascospores, which are ribbed in the former and pitted in the latter. However, a detailed examination of the morphology of numerous strains of most of the species of both genera confirm the hypothesis that there are not enough criteria to distinguish them from each other. The names Neurospora and Gelasinospora are synonymized and the circumscription of the genus Neurospora amended. Partial sequences of the 28S rDNA gene from 27 species of both genera were analysed to infer their phylogenetic relationships. Species of the two genera were interspersed in the different clades and confirmed that they are genetically very similar. The grouping obtained demonstrates that the morphology of the episporial-layer of the ascospores is an informative phylogenetic character. Two recent isolates from soils of Nigeria and Spain, which could not be classified as any known species of Neurospora are described, illustrated, and recognized as new : N. nigeriensis and N. uniporata spp. nov. A synopsis and key to the 49 species of Neurospora now recognized in the genus is presented, and the new genus Pseudogelasinospora described to accommodate P. amorphoporcata (syn. Gelasinospora amorphoporcata comb. nov.).
INTRODUCTION
The Sordariaceae (Ascomycota) encompasses approximately 10 genera (Eriksson et al. 2003) which are coprophilous, soil borne or grow on plant debris. They are characterized by ampulliform or conical and usually ostiolate ascomata ; asci are commonly cylindrical with an apical ring ; and the ascospores are generally aseptate, with the surface smooth, pitted, reticulate or striate, sheathed or unsheathed, darkly pigmented, and with one or several germ pores. The largest genera are Gelasinospora Dowding 1933 , Neurospora Shear & B. O. Dodge 1927 and Sordaria Ces. & De Not. 1863 . The main difference between them lies in the ornamentation of the ascospore wall.
The generic name Neurospora was introduced by Shear & Dodge (1927) for four species characterized by dark ascospores, with a grooved surface with longitudinal ribs. Later, numerous species were added (Tai 1935 , Gochenaur & Backus 1962 , Nelson, Novak & Backus 1964 , Frederick, Uecker & Benjamin 1969 , Mahoney, Huang & Backus 1969 , von Arx 1981 , Perkins & Raju 1986 , Krug & Khan 1991 and so far 12 species have been accepted. These fungi show three different mating strategies : homo-, pseudohomo-, or heterothallic. The latter have developed a distinctive anamorph, Chrysonilia Arx 1981, which predominates in culture and in nature. Gelasinospora was proposed by Dowding (1933) to accommodate two species with ascospores similar to those of Neurospora, but with a pitted wall. Further species were added by Moreau & Moreau (1949) , Cain (1950) , Udagawa & Takada (1967) , Cailleux (1971) , Udagawa, Furuya & Horie (1973) , Horie & Udagawa (1974) , Furuya & Udagawa (1976) , Khan & Krug (1989a, b) , Krug, Khan & Jeng (1994) , and Stchigel, Cano & Guarro (1998) . Some of these species were initially included in Anixiella Saito & Minoura ex Cain 1961 , the non-ostiolate counterpart of Gelasinospora (Cain 1961) . However, Anixiella was not accepted by von Arx (1982) in the most recent revision of the genus.
Ornamentation of the ascospore wall has been traditionally considered an important taxonomic character in Sordariales (Dowding 1933 , von Arx & Gams 1967 , Jeng & Krug 1976 , Hawksworth & Manoharachary 1978 , von Arx 1982 , and several genera such as the two mentioned above are distinguished only on this basis. It has been demonstrated that the ornamentation in both genera involves the two intermediate layers of the ascospore, the epispore, which is darkly pigmented and may be ornate or not, and the perispore, which is lightly pigmented and always ornate (Gochenaur & Backus 1962 , Sussman 1966 , Lundquist 1967 , Cailleux 1971 (Fig. 1) . On the basis of the type of epispore, Cailleux (1971) recognized four groups in Gelasinospora : Group I, endodentate ; Group II, slightly verruculose ; Group III, smooth ; and Group IV, folded. Preliminary studies with the SEM in 1978-79 (D. L. H., unpubl.) showed the value of this approach in studying ascospore ornamentation in the complex, as it revealed furrows with pits along their lengths, but this was not pursued further at that time. The existence of species with an ornamentation pattern intermediate between Neurospora and Gelasinospora seemed to indicate that the separation of the genera was not clear-cut. Recent molecular studies in Lasiosphaeriaceae, Melanospora (Hypocreales) and Onygenales also suggested that generic distinction only on the basis of this character does not correlate with phylogenetic relationships inferred from DNA sequences (Cano et al. 2002a , Miller & Huhndorf 2002 , Sole´et al. 2002 , Sugiyama, Summerbell & Mikawa 2002 , Zhang & Blackwell 2002 .
The phylogenetic relationships between members of Gelasinospora and Neurospora were recently investigated by Dettman et al. (2001) analysing the four genes : ITS/5.8S rRNA, glyceraldehyde 3-phosphate dehydrogenase (gpd), mating-type A-1, and mating-type a-1. Although only five species of Gelasinospora were included in that study, they concluded that pitted vs ribbed ascospores is not an useful criterion for the separation of these genera.
In order to evaluate the morphological and genetic relationships between Neurospora and Gelasinospora, we studied the morphological features of numerous fresh isolates and some reference strains (including numerous types). We have also analysed the nucleotide sequences of D1 and D2 domains of the 28 S rDNA gene of a representative number of species of both genera.
MATERIALS AND METHODS

Sampling and fungal isolation
Soil samples from various geographical regions including areas with different climates and vegetation were studied. Techniques used for sampling and isolation were described previously (Stchigel et al. 1998 , Garcı´a, Stchigel & Guarro 2002 .
Strains studied
105 strains, mostly from soil, including 18 reference and type strains from different culture collections (CBS, FGSC, IMI and NBRC), were included in this study.
Morphological study
The macro-and microscopic morphological characteristics of the fungi were studied on oatmeal agar (OA ; oat flakes 30 g, agar 20 g), malt extract agar (MEA ; Difco) and potato-carrot-agar (PCA ; potato 20 g, carrot 20 g, agar 20 g) at 15, 25, 35, 40 , and 45 xC. Colour notation in parenthesis follow Kornerup & Wanscher (1984) . The measurements of the fungal structures were taken in cold lactophenol. Scanning electron microscopy was used to examine the ornamentation of the ascospore wall.
Molecular study
Strains used
The strains sequenced in this study and their EMBL accession nos. are listed in Table 1 .
DNA extraction
The DNA was isolated as described by Cano et al. (2002b) .
PCR amplification
The D1-D2 regions of the large-subunit rDNA from the strains tested was amplified using the NL1 and NL4 primers (O'Donnell 1993) . PCR conditions consisted of pre-denaturalisation at 94 x, 5 min ; 30 cycles at 94 x, 45 s; 51 x, 1 min and 72 x, 3 min ; and a final incubation at 72 x for 10 min. The final products were electrophoresed in 2 % agarose gel stained with ethidium bromide. A 100-bp DNA ladder marker (Gibco, Barcelona) was used as the size standard. The products were purified using the GFX TM PCR DNA purification kit (Pharmacia Biotech, Barcelona) and stored at x20 x until used in sequencing.
Sequencing and phylogenetic analysis
The protocol used for sequencing was the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems, Gouda). The reactions were performed using the NL1, NL4 primers and were run on a 310 DNA sequencer (Applied Biosystems). The consensus sequences were obtained using the Autoassembler program (Applied Biosystems). The sequences were aligned with the CLUSTALX (Thompson et al. 1997) followed by manual adjustments with a text editor.
Phylogenetic analyses of the D1-D2 domains were performed using the neighbour-joining method (Saitou & Nei 1987) with the MEGA 2.1 computer program (Kumar et al. 2001) . The trees were constructed using the Kimura-2-parameter distance model (Kimura 1980) with the pairwise deletion of gaps option. The robustness of branches was assessed by bootstrap analysis with 1000 replicates.
RESULTS AND DISCUSSION
The molecular analysis of the 28S rDNA sequences of the 35 strains included in the study confirmed that Gelasinospora and Neurospora can no longer be separated from each other. The length of these sequence regions ranged from 493 bp (G. nigeriensis FMR 5963) to 520 bp (G. cerealis FMR 7271). The number of variable sites was 54, 30 of them being parsimonyinformative.
In the neighbour-joining tree (Fig. 2) , using Xylaria curta and Chaetomium globosum as out-groups, two main branches were shown. One included the only species G. amorphoporcata, and the other the species of Neurospora and Gelasinospora included in the study, which were interspersed in several clades. The fact that G. amorphoporcata was genetically separated from all the species of Neurospora and Gelasinospora supported the morphological differences observed and confirmed the exclusion of this species from the genus. It was remarkable that the species of Gelasinospora and Neurospora were grouped in four major clades on the basis of the ornamentation of the epispore. Only the clade formed by N. terricola and N. nigeriensis included species with smooth and ornate epispore. The other three clades encompassed exclusively species with smooth or with ornate surface. Two of them included species with an ornate epispore. The first, which received 71 % bootstrap support, branched twice ; one branch (78 % bootstrap support) grouped G. endodonta, G. calospora, and N. sublineolata. The ascospores of these three species are characterized by inwardly projecting small pits (Group-I, Cailleux 1971) . The other branch (58 % bootstrap value) included species of Gelasinospora with folded epispore (G. retispora, G. dictyophora, and G. novoguineensis ; Group-IV, Cailleux 1971), but also G. santi-florii (ascospores with inwardly projecting small pits) although fairly distant from the rest. The third clade included two species with an ornate epispore, the heterothallic N. crassa and the pseudohomothallic species N. tetrasperma. The species with smooth epispores were grouped in the fourth clade with a 98 % bootstrap value. This clade included homothallic species of Neurospora and the Gelasinospora species belonging to Groups II and III (Cailleux 1971) . The two strains of the new species G. uniporata tested (FMR 7273 and FMR 7283) formed a well-supported sister branch.
Our results agree with the phylogram produced from combined analysis of the four nuclear genes : ITS/5.8S rRNA, gpd, mat A-1 and mat a-2 by Dettman et al. (2001) , which confirm that Gelasinospora did not form a distinct group from Neurospora. In that study, as in ours, the species with ascospores with inwardly projecting pits (G. calospora, G. tetrasperma, and N. sublineolata) were also nested together, receiving a 100 % bootstrap support. Our results concerning a single origin for heterothallic and pseudohomothallic species of Neurospora confirmed previous studies (Po¨ggeler 1999 , 2001 , Dettman et al. 2001 . Po¨ggeler (1999) performed a molecular study based on matingtype gene sequences to determine the phylogenetic relationships between homothallic and heterothallic species of Neurospora. That study included the 12 accepted species of Neurospora, and demonstrated that Fig. 2 . Unrooted neighbour-joining tree of 35 sequences of the D1-D2 regions of the LSU rDNA from Gelasinospora and Neurospora species. Branch lengths are proportional to genetic distance, indicated by a bar. Bootstrap values of 50 % or greater (1000 replicates) are indicated above the internodes *Group III and IV according to Cailleux (1971) .
A/a-type and A-type homothallic species of Neurospora were strictly separated into two clades. In our tree, homothallic species which contain both the mat A and the mat a idiomorphs, such as G. calospora, G. retispora, N. sublineolata, and N. terricola (Glass, Metzenberg & Raju 1990 , Beatty, Smith & Glass 1994 ) also formed a divergent group from the homothallic species N. africana, N. dodgei, and N. lineolata, which contain only the mat A idiomorph (Glass et al. 1990) . Although Po¨ggeler (1999) suggested that in Neurospora a change of one reproductive strategy to another might be a consequence of a single ancient event, the topology of the present tree suggests a polyphyletic origin of homothallism in Neurospora. Results provided by Dettman et al. (2001) seem to support this hypothesis.
In conclusion, our studies demonstrated that the ornamentation pattern of the epispore is a very informative character for establishing phylogenetic relationships at the infrageneric level in this fungal group, and confirmed the results of other authors, which indicated that the mating strategy may also be a good indicator of phylogenetic relatedness.
TAXONOMY
A detailed examination of the most important characteristics of all the strains of Gelasinospora and Neurospora included in this study revealed that there are not enough morphological or another features to discriminate between the genera. The most representative features of the colonies, ascomata, asci, and ascospores are similar in species referred to both genera. The ornamentation pattern of the ascospores, which has been considered a key character to separate the genera is also inconsistent : some species such as N. discreta and N. sublineolata, have an intermediate ornamentation pattern between the genera. The wall of the ascospores of N. sublineolata (IMI 223881) has pits which indent the intercostal veins (Figs 3-4) . Cailleux (1971) described a similar pattern in the species belonging to Group I of Gelasinospora. N. discreta shows also a similar ascospore surface, characterized by thick ribs indented by numerous pits (Perkins & Raju 1986) .
Because Neurospora has priority under the Code, Gelasinospora is formally treated here as a synonym of Neurospora, whose generic diagnosis is amended as follows.
Neurospora Shear & B. O. Dodge, J. Agric. Res. 34: 1019 Res. 34: (1927 . Gelasinospora Dowding, Can. J. Res. 9 : 294 (1933) . Anixiella Saito & Minoura ex Cain, Can. J. Bot. 39: 1667 (1961 .
Colonies spreading broadly, with abundant production of ascomata. Ascomata superficial or immersed, perithecial and ostiolate or cleistothecial and non-ostiolate, hairy or glabrous, dark. Peridium membranaceous, usually textura angularis or intrincata. Asci cylindrical, clavate or subspherical, with a persistent or evanescent wall, usually with a thickened and non-amyloid annular structure at the apex, usually 8-spored. Hamathecium with paraphyses filiform, hyaline and early evanescent. Ascospores broadly fusiform, ellipsoidal, or nearly spherical, 1-celled, hyaline to yellowish brown or olive-brown, becoming dark and opaque at maturity, ascospore wall with longitudinal ribs or pitted, occasionally nearly smooth, 1-2 germ pores disposed at the ends of the ascospores, or less frequently more (up to 12), gelatinous sheaths or appendages absent.
Anamorphs known in only a relatively small number of species, belonging to Chrysonilia Arx. Type species : Neurospora sitophila Shear & B. O. Dodge.
The morphology of the ascospores, mainly the ornamentation pattern, number and placement of germ pores, and the presence or not of ostiole in the ascomata are the most important features for species distinction. However, some heterothallic species are difficult to separate morphologically and can only be differentiated by mating tests (Perkins, Turner & Barry 1976 , Perkins & Turner 1988 , Turner, Perkins & Fairfield 2001 .
Accepted species
Res. 102: 1405 (1998).
Ascomata ostiolate, 520-650r310-420 mm. Ascospores broadly ellipsoidal to subglobose, 35-46r29-35 mm, walls with numerous interconnected pits, variable in size ; 4-7 germ pores, arranged near the ends. Strain examined: FMR 5962. Distribution : Argentina. Soil. References : Stchigel et al. (1998) . Krug, Mycologia 81 : 226 (1989) .
Ascomata ostiolate, 300-500r250-400 mm. Ascospores subglobose to ellipsoidal, occasionally globose, 20-24 (-27)r15-20 mm; walls with numerous, small, round or ovate, inwardly projecting pits, measuring 0.5-1.5 mm diam, one germ pore at each end.
Notes : This species is close to N. calospora and N. endodonta. However, N. brevispora can be differentiated from the former by its wider and more globose spores with smaller pits, while N. endodonta has non-ostiolate ascomata.
Distribution : Kenya and Tanzania. Dung. References : Khan & Krug (1989a) .
Neurospora caffera (Matsush.) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 48 ) Gelasinospora caffera Matsush., Matsush. Mycol. Mem. 9 : 11 (1996) .
Ascomata ostiolate, 240-375 mm. Ascospores broadly ellipsoidal, 22-28r18-21 mm ; walls reticulate with circular to ellipsoidal pits 1-2.5 mm, one germ pore at each end. Notes: This species is related to N. cerealis. Both have ascospores with a similar shape and ornamentation characterized by an undulate epispore and a thick, light outer layer. However, N. cerealis has larger ascospores.
Distribution : South Africa. Soil. References : Matsushima (1996) .
Neurospora calospora (Mouton) D. Garcı´a, Stchigel & Guarro, comb. nov. (Figs 1A, [5] [6] [7] and 49) Rosellinia calospora Mouton, Bull. Soc. R. bot. Belg. 36 : 12 (1879). Gelasinospora calospora (Mouton) C. Moreau & M. Moreau, Rev. Mycol. 14 : 50 (1949) . Gelasinospora adjuncta Cain, Can. J. Res. 28: 568 (1950 References : Alexopoulos & Sun (1950) , von Arx (1982) , Cailleux (1971) , Guarro & Calvo (1982) , Manihotis (1965) , Matsushima (1975) , and Moreau & Moreau (1949) . Distribution : Australia, Central African Republic, Canada, Netherlands, Spain, Switzerland, and the UK. From dung, root, stem, and soil.
References : von Arx (1982) , Dowding (1933 ), Cain (1950 ), Cailleux (1971 , Guarro & Calvo (1982) , Matsushima (1975) , and Valldosera & Guarro (1990) . Colonies pale salmon to light orange. Ascomata ostiolate, 400-600 mm diam. Ascospores ellipsoidal, (23-) 29-36r(11-)14-16 mm ; wall with about 20 longitudinal, sometimes branched ridges, one germ pore at each end. Conidia (5-)6-7(-8)r4-6 mm, globose to subglobose, smooth, yellow to pale orange in mass. Distribution : Worldwide. Soil and rest of vegetation, more common at burnt sites in Africa, India, Caribbean, northern Brazil, and southeast corner of the United States.
Neurospora crassa
References : Shear & Dodge (1927) , Perkins et al. (1976) , Perkins & Turner (1988) , and Turner et al. (2001) . Krug, Mycologia 81 : 228 (1989) .
Ascomata ostiolate, 850-1050r650-780 mm. Ascospores broadly ellipsoidal to sub-globose, rarely globose, 31-43r26-32 mm; walls with numerous, small, round and inwardly projecting pits, one or two apical germ pores. Distribution : France and Tanzania. Dung and soil. References : Khan & Krug (1989a) . Krug, Mycologia 81 : 230 (1989) .
Ascomata ostiolate, 650-800r300-530 mm. Ascospores ellipsoidal, 26-34(-40)r16-20 mm; walls reticulate, with large, angular to somewhat rounded pits (0.5-3.5 mm diam), one germ pore at each end.
Notes : This species is close to N. retispora ; ascospores of both posses a similar reticulate pattern. However, in N. retispora the pits are broader (up to 5 mm diam).
Strains examined : CBS 529.95, FMR 7511, and FMR 7970.
Distribution : Kenya, Spain, and Tanzania. Dung and soil.
References : Khan & Krug (1989a Distribution : Australia, Dominican Republic, Martinique, Mexico, Nepal, Puerto Rico, and USA. Soil.
References : Frederick et al. (1969) , Glass et al. (1988 Glass et al. ( , 1990 , Mahoney et al. (1969) , Nelson et al. (1964) , and Perkins & Turner (1988) . Arx (1973 Arx ( , 1982 , Guarro & Fort (1984) , and Malloch & Cain (1970) . (Po¨ggeler 1999 , Dettman, Harbinski & Taylor 2001 . N. dodgei and N. lineolata are also close to other species, but can be differentiated from N. galapagosensis by their ornamentation pattern, which has wider ribs in the former and indistinct intercostals veins in the latter.
Strains examined: FMR 5547, FMR 7370, FMR 7963, FMR 7964, FMR 7965, and FMR 7967.
Distribution : Australia, Cuba, India, Isla Santa Cruz (Galapagos Islands), Nigeria, Papua-New Guinea, Peru, and Venezuela. Soil.
References : Frederick et al. (1969) , Glass et al. (1988 Glass et al. ( , 1990 , Mahoney et al. (1969) , Matsushima (1971 Matsushima ( , 1989 , Perkins & Turner (1988) , Po¨ggeler (1999) , Takada (1973) , and Turner et al. (2001) .
Neurospora goundaensis (Cailleux) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 60 ) Gelasinospora goundaensis Cailleux, Bull. Soc. mycol. Fr. 87 : 622 (1971) .
Ascomata ostiolate, 330-650r200-550 mm. Ascospores broadly ellipsoidal with rounded ends, 34-38r 24-28 mm ; wall with small pits, 2-6 germ pores disposed at each end. Strain examined: FMR 7525. Distribution : Central African Republic and Nigeria. Dung and soil.
References : von Arx (1982) and Cailleux (1971) . Krug, Mycologia 81 : 232 (1989) .
Ascomata ostiolate, 500-700r350-550 mm. Ascospores broadly ellipsoidal to subglobose, rarely globose, 19-26r14-16 mm; wall reticulate with angular to nearly circular pits, 0.5-2.5 mm in diam, one germ pore at each end. Notes: This species resembles N. dictyophora and N. retispora in its ornamentation pattern. However, N. hapsidophora can be differentiated from both by its smaller ascospores.
Strains examined: CBS 408.82 (ex-type) and FMR 7529.
Distribution : Cuba, India, Tanzania, Venezuela, and Zimbabwe. Dung and soil.
References : Khan & Krug (1989a) . (Fig. 62 ) Gelasinospora heterospora Cailleux, Bull. Soc. mycol. Fr. 87 : 622 (1971) .
Ascomata ostiolate, 650-1100r350-700 mm. Ascospores broadly ellipsoidal to subcylindrical with rounded ends, 35-45(-48)r25-33 mm; wall with small indistinct pits, 4-6 germ pores arranged at each end. Strain examined: FMR 7521. Distribution : Argentina, Central African Republic, and Venezuela. Dung and soil.
References : von Arx (1982) and Cailleux (1971) . Figs 11-20. Ascospores of Neurospora species. Fig. 11 . N. endodonta. Fig. 12 . N. indica. Fig. 13 . N. kobi. (Fig. 64 ) Gelasinospora hippopotama J. C. Krug, R. S. Khan & Jeng, Mycologia 86: 250 (1994) .
Ascomata ostiolate, 500-750r375-450 mm. Ascospores ellipsoidal or subglobose to almost globose, 35-45r 25-32 mm ; walls with circular, inwardly projecting wide shallow pits 1-2.5 mm diam, 6-8 germ pores which may be scattered or concentrated near the end.
Notes: This species is close to N. saitoi, N. seminuda and N. santi-florii, but can easily be differentiated by the presence of multiple germ pores in N. hippopotama, while the others have one germ pore at each end.
Distribution : Egypt, Malawi, Sudan, and Venezuela. Dung and soil.
References : Krug, Khan & Jeng (1994) . Ascomata non-ostiolate, 175-230 mm. Ascospores broadly ellipsoidal to sub-globose, 24-31r20-28 mm; wall reticulate with angular pits 3.5-4.5 mm, one germ pore at each end. Notes: The size and the ornamentation of the ascospores of N. stellata are similar to N. indica, however, N. stellata has bigger ascomata and slightly broader ascospores.
Strains examined : IMI 120719 (ex-type) and FMR 5491.
Distribution : Australia, India, Philippines, Thailand and Venezuela. Dung and soil.
References : von Arx (1973 Arx ( , 1982 , Malloch & Cain (1970) , and Udagawa (1980) . Neurospora intermedia F. L. Tai, Mycologia 27 : 329 (1935) . (Fig. 66 ) Anamorph : Chrysonilia sp.
Colonies golden-yellow or orange. Ascomata ostiolate, 300-600 mm. Ascospores ellipsoidal, 19-27r12-17 mm;
wall with 12-17 longitudinal, often branched ribs, one germ pore at each end. Conidia golden yellow, 11-21r10-11 mm.
Distribution : Worldwide. Common in burnt vegetation, soil, and non-burned substrates.
References : Perkins et al. (1976) , Perkins & Raju (1986) , Perkins & Turner (1988) , Tai (1935) , and Turner et al. (2001) .
Neurospora inversa (Cailleux) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 67 ) Gelasinospora inversa Cailleux, Bull. Soc. mycol. Fr. 87: 622 (1971) .
Ascomata ostiolate, 200-500r180-350 mm. Ascospores ellipsoidal with broadly rounded ends, (36-)39-47 (-49)r(27-)29-34 mm; wall with small circular pits, 0.5-1.5 mm diam, 2-6 germ pores arranged at each end. Distribution : Central African Republic and Nigeria. Dung and soil.
References : von Arx (1982) and Cailleux (1971) . References : von Arx (1982) , Cailleux (1971) , and Guarro & Fort (1984) .
Neurospora lineolata Frederick & Uecker, Mycologia
61 : 1079 (1969). (Fig. 69) Ascomata ostiolate, 500-800r350-500 mm. Ascospores ellipsoidal, 22-30r10-15(-18) mm; wall with 18-22 longitudinal ribs and inconspicuous intercostal veins, smooth epispore, one germ pore occasionally protruding at each end. Notes: This species is close to N. galapagosensis in the shape and size of the ascospores, and the ornamentation are similar in both species. However, they can be differentiated by the presence of conspicuous intercostals veins in N. galapagosensis.
Strain examined: CBS 502.70 (ex-type). Distribution : Pakistan. Soil. References : Frederick et al. (1969) , Glass et al. (1988 Glass et al. ( , 1990 , and Perkins & Turner (1988) .
Neurospora longispora (Udagawa) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 70 ) Gelasinospora longispora Udagawa, Trans. mycol. Soc.
Japan 8: 50 (1967).
Ascomata ostiolate, 800-1000r500-700 mm. Ascospores ellipsoidal, 32-43(-47)r27-33 mm, sometimes slightly pointed at one end ; wall with small, rounded pits, 1-1.5 mm diam ; one apical germ pore. Notes: This species resembles N. kobi, but the latter has 4 to 6 germ pores located around the ascospore ends.
Distribution : Australia and Japan. From Larix leptolepis and soil.
References : von Arx (1982) , Matsushima (1989) , and Udagawa & Takada (1967 Mycelium composed of hyaline to pale brown hyphae, septate, branched and anastomosing, smooth, 2-20 mm wide. Colonies on PCA attaining more than 80 mm diam after 1 wk at room temperature (22-25 x), flat, thin, consisting of submerged mycelium and sparse aerial hyphae, greyish brown (M. 5D3 to 5E3) ; reverse greyish brown ; ascomatal initials arising as side branches from the mycelium, involving neighbouring hyphae, coiled and contorted. Ascomata superficial, scattered to grouped, pyriform and ostiolate or globose and not ostiolate, dark brown, 250-850r250-650 mm, with a short, papillate, conical to cylindrical neck when present ; neck 110-250 mm tall and 130-350 mm wide at the base, with scarce setae-like appendages ; setae smooth, septate, subhyaline to light brown, 8-150 mm long, 3-5 mm diam at the base, thick-walled. Peridium textura angularis to textura globulosa, 7-9 layered, 50-80 mm thick, brown ; outer layers 1-2, consisting of brown, thin-walled cells 7-25r10-22 mm, 5-15 mm thick ; several inner layers composed of subhyaline, thick-walled cells measuring 12-27r6-16 mm. Asci fasciculate, cylindrical to sub-cylindrical, thin-walled, 280-350r30-40 mm, stipitate, rounded to truncate at the apex with a broad and distinct apical ring, 8-spored. Paraphyses not observed. Ascospores uniseriate, one-celled, broadly ellipsoidal, 30-45r22-31 mm, hyaline when young, becoming dark brown to black ; walls ornamented with angular pits, 2.5-7 mm, which forming a network pattern, with two terminal, circular, 1.5-2.5 mm diam germ pores. Anamorph unknown.
Notes: The species grows rapidly at 37 x, but ascomata are not produced ; at 42 x growth is nil. N. nigeriensis is related to N. dictyophora, N. novoguineensis and N. retispora. All have spore walls with pits forming a network and a germ pore at each end. However, the ascospores and the diameter of the pits are clearly bigger in N. nigeriensis.
Neurospora novoguineensis (Takada) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 75 ) Gelasinospora novoguineensis Takada, Bull. nat. Sci. Mus. Tokyo 16: 529 (1973) .
Ascomata ostiolate or non-ostiolate, 640-700r 250-400 mm (when non-ostiolate, 210-300 mm diam). Ascospores ellipsoidal, (28-)31-42r20-26 mm; wall reticulate, with large pits 2-5 mm diam, one germ pore at each end. Notes: N. novoguineensis resembles to N. reticulata, however the latter has non-ostiolate ascomata, smaller ascospores and a finer reticulate, which is formed by pits 1-2 mm diam.
Strains examined : FMR 132, FMR 5822, FMR 7269, FMR 7517, and FMR 7523.
Distribution : Papua-New Guinea, Singapore, and Spain. Soil.
References : von Arx (1982) , Guarro & Calvo (1982) , and Takada (1973) .
Neurospora pannonica J. C. Krug & R. S. Khan, Mycologia 83 : 829 (1991) . (Fig. 76) Ascomata ostiolate, 450-700r360-500 mm. Ascospores broadly ellipsoidal to subglobose, occasionally globose, 30-40r24-30 mm; wall with 20-24 longitudinal ribs, one germ pore at each end. Notes : This species has a similar ornamentation pattern to N. dodgei, but N. pannonica has broader ascospores.
Distribution : Grenada and Hungary. Soil. References : Krug & Khan (1991) .
Neurospora pseudocalospora (Udagawa) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 77 ) Gelasinospora pseudocalospora Udagawa, Bull. nat. Sci. Mus. Tokyo 16: 517 (1973) .
Ascomata ostiolate, 250-450r180-300 mm. Ascospores elliptical with attenuated ends, 27-32r16-18 mm ; wall with numerous rounded pits (1 mm diam.), one germ pore at each end. Notes : The closer species is N. cerealis, which can be distinguished by its broader ascospores with a thicker epispore.
Strains examined: FMR 5917, FMR 6180, and FMR 6181.
Distribution : Nigeria, Papua-New Guinea, and Venezuela. Dung and soil.
References : von Arx (1982) and Udagawa et al. (1973) . References : von Arx (1982) , Cailleux (1971) , Udagawa (1976), and Matsushima (1971 FMR 166, FMR 2955, FMR 5490, FMR 5927, FMR 5979, FMR 5980, FMR 5990, FMR 7515, FMR 7524, and FMR 7546. Distribution : Argentina, Australia, Cuba, Chile, Indonesia, Japan, Nigeria, Papua-New Guinea, Spain, the UK, and USA. From stems, roots, and soil.
References : von Arx (1982) , Booth & Ebben (1961 ), Cailleux (1971 , Cain (1961) , Guarro & Calvo (1982) , Malloch & Cain (1970), and Takada (1973 Distribution : Australia, Canada, Chile, Cuba, Germany, Japan, Netherlands, and Spain. Dung, roots, seeds, and soil.
References : von Arx (1982) , Cailleux (1971) , Cain (1950) , Guarro & Fort (1984) , Matsushima (1989) , and Moreau & Moreau (1951) .
Neurospora saitoi (Udagawa) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 81 ) Anixiella saitoi Udagawa, Bull. nat. Sci. Mus. Tokyo 16 : 511 (1973) . Gelasinospora saitoi (Udagawa) Arx, Persoonia 11: 447 (1982) .
Ascomata non-ostiolate, 140-230 mm in diam. Ascospores broadly ellipsoidal, 30-42(-45)r24-30(-33) mm; wall with inwardly projecting small pits (1 mm diam), one germ pore at each end. Notes: This species is morphologically similar to N. santi-florii, but the latter has ostiolate ascomata.
Strain examined: FMR 7516. Distribution : Argentina and New Guinea. Soil. References : von Arx (1982) and Udagawa et al. (1973) .
Guarro, comb. nov. (Fig. 82 ) Gelasinospora santi-florii Cailleux, Bull. Soc. mycol. Fr. 87 : 621 (1971) .
Ascomata ostiolate, 300-650r200-450 mm. Ascospores ellipsoidal, 32-38(-40)r22-28 mm; wall with inwardly projecting, small pits (0.5-1 mm diam), one germ pore at each end. Distribution : Argentina, Australia, Central African Republic, Cuba, Hungary, Malawi, Singapore, Spain and Zaire. Dung, wood, and soil.
References : von Arx (1982) and Cailleux (1971) . (Fig. 83 ) Gelasinospora seminuda Cailleux, Bull. Soc. mycol. Fr. 87 : 622 (1971) . Ascomata ostiolate, 300-600r270-450 mm. Ascospores ellipsoidal with slightly attenuate ends, (25-)27-33r 18-22 mm ; wall with inwardly projecting small pits, 0.5-1 mm diam, one germ pore at each end.
Notes: N. seminuda is very close to N. santi-florii. The species can be differentiated by the lighter coloured and broader ascospores with rounded ends in the latter.
Strains examined: FMR 5653, FMR 6184, and FMR 6185.
Distribution : Australia, Central African Republic, Nigeria, and Papua-New Guinea. Dung and soil.
References : von Arx (1882), Cailleux (1971) , and Takada (1973) . Colonies orange. Ascomata ostiolate, 400-500r200-300 mm. Ascospores ellipsoidal, (20-)23-26r(10-)13-14 mm ; wall with 16-17 longitudinal, sometimes branched ribs, one germ pore at each end. Conidia globose to subglobose, (7-)10-15r5-10(-11) mm, smooth, orange in mass. Distribution : Worldwide. From burnt vegetation and non-burnt substrata.
Neurospora sitophila
References : Perkins et al. (1976) , Perkins & Turner (1988) , Shear & Dodge (1927) , and Turner et al. (2001) .
Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 85 ) Anixiella sphaerospora Y. Horie & Udagawa, Trans. mycol. Soc. Japan 15 : 197 (1974) . Gelasinospora sphaerospora (Y. Horie & Udagawa) Arx, Persoonia 11 : 447 (1982) .
Ascomata non-ostiolate, 330-700 mm diam. Ascospores globose to subglobose, (32-)38-44(-46) mm; walls irregularly reticulate with ovate pits, 1.5-5 mm, 6-8 germ pores scattered at each end. Distribution : Nepal. Soil. References : von Arx (1982) and Horie & Udagawa (1974) .
Neurospora stellata (Cailleux) D. Garcı´a, Stchigel & Guarro, comb. nov. (Figs 18, 19 , and 86) Gelasinospora stellata Cailleux, Bull. Soc. mycol. Fr. 87: 622 (1971) .
Ascomata non-ostiolate, 140-450 mm diam. Ascospores subspherical, (27-)30-36r(23-)27-34 mm; walls reticulate with angular to subangular pits 4 mm diam, one germ pore at each end. Strains examined : IFO 30242 and CBS 561.72 (ex-type).
Distribution : Central African Republic. Dung. References : von Arx (1982) and Cailleux (1971) . Persoonia 11 : 447 (1982) . (Figs 3, 4 , and 87) Anixiella sublineolata Furuya & Udagawa, Trans. mycol. Soc. Japan 17 : 317 (1976) .
Ascomata non-ostiolate, 180-240 mm diam. Ascospores oval to ellipsoidal, (22-)24-30(-31)r(14-)15-20 (-22) mm; wall with 18-20 longitudinal striations, which do not involve the episporial layer, and with inwardly projecting pits located on the intercostal veins, one germ pore at each end. Strains examined : IMI 223881 (ex-type) and FGSC 5508.
Distribution : Japan. Soil. References : von Arx (1982) , Beatty et al. (1994) , Furuya & Udagawa (1976) , and Glass et al. 1988 Glass et al. , 1990 .
Neurospora terricola Goch. & Backus, Mycologia 54:
557 (1962). (Fig. 88) Ascomata ostiolate, 200-300 mm diam. Ascospores oval, 20-27(-29)r16-22 mm; wall with 19-21 longitudinal sometimes branch ribs, one apical germ pore.
Strain examined: CBS 298. 63 (ex-type). Distribution : USA. Soil. References : Frederick et al. (1969) , Glass et al. (1988 Glass et al. ( , 1990 , Gochenaur & Backus (1962) , and Perkins & Turner (1988) .
Neurospora tetraspora D. Garcı´a, Stchigel & Guarro, nom. nov. (Fig. 89 ) Gelasinospora tetrasperma Dowding, Can. J. Res., ser.
C 9 : 294 (1933). Gelasinospora calospora f. tetrasperma (Dowding) C.
Moreau & M. Moreau, Mycothe`que, Lab. Crypt. Mus. nat. Paris 3 : 41 (1951).
Ascomata ostiolate, 430-600r270-450 mm. Asci 4-spored. Ascospores ellipsoidal or elongate, 21-33r 12-20 mm, often slightly flattened on one side ; wall with inwardly projecting circular or slightly irregular pits, one germ pore at each end. Strains examined : FMR 824 and FMR 7520. Distribution : Canada, Finland, Russia, Spain, UK, and USA (Alaska). Dung and soil.
References : von Arx (1982) , Dowding (1933) , Fort et al. (1990), and Matsushima (1975 References : Frederick et al. (1969) , Perkins et al. (1976) , Perkins & Turner (1988) , Shear & Dodge (1927) , Tai (1935), and Turner et al. (2001) .
Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 91 ) Gelasinospora udagawae R. S. Khan & J. C. Krug, Sydowia 41 : 180 (1989) .
Ascomata ostiolate, 350-600r250-450 mm. Ascospores ellipsoidal to ovoid, occasionally ovoid-cymbiform, 20-22r11-14 mm; wall with numerous, small, round or ovate pits 0.5-1.5 mm diam, one germ pore at each end. Distribution : Pakistan. Soil. References : Khan & Krug (1989b) . 
Neurospora uniporata
44
Figs 34-44. Neurospora uniporata. Fig. 34 . Ascoma. Fig. 35 . Detail of the peridium. Fig. 36 . Detail of the ascus. Figs 45-53. Ascospores of Pseudoneurospora and Neurospora species. Fig. 45 . Pseudoneurospora amorphoporcata. Fig. 46 . N. bonaerensis. Fig. 47 . N. brevispora. Fig. 48 . N. caffera. Fig. 49 . N. calospora. Fig. 50 . N. cerealis. Fig. 51 . N. crassa. Fig. 52 . N. cratophora. Fig. 53 . N. dictyophora. Bars=10 mm.
Figs 54-62. Ascospores of Neurospora species. Fig. 54 . N. discreta. Fig. 55 . N. dodgei. Fig. 56 . N. endodonta. Fig. 57 . N. fallaciosa. Fig. 58 . N. foveaconica. Fig. 59 . N. galapagosensis. Fig. 60 . N. goundaensis. Fig. 61 . N. hapsidophora. Fig. 62 . N. heterospora. Bars=10 mm.
Figs 63-71. Ascospores of Neurospora species. Fig. 63 . N. himalayensis. Fig. 64 . N. hippopotama. Fig. 65 . N. indica. Fig. 66 . N. intermedia. Fig. 67 . N. inversa. Fig. 68 . N. kobi. Fig. 69 . N. lineolata. Fig. 70 . N. longispora. Fig. 71 . N. macrospora. Bars=10 mm.
Figs 72-80. Ascospores of Neurospora species. Fig. 72 . N. micropertusa. Fig. 73 . N. mirabilis. Fig. 74 . N. multiforis. Fig. 75 . N. novoguineensis. Fig. 76 . N. pannonica. Fig. 77 . N. pseudocalospora. Fig. 78 . N. pseudoreticulata. Fig. 79 . N. reticulata. Fig. 80 . N. retispora. Bars=10 mm.
Ascomata globosa, non ostiolata, 140-400 mm diam. Peridium membranaceum, textura intrincata vel epidermoidea compositum. Asci 8-spori, cylindrici. Paraphysis nullae. Ascosporae unicellulares, globosae, atro olivacea-brunnea, 27-33(-35) mm, reticulatis, cum foramine germinali singulari, 2-2.5 mm diam. Status conidialis nullis.
Typus: Spain : Tarragona Province : Vandello´s, isol. ex solo, April 1999, A. M. Stchigel (CBS 112768 -holotypus ; FMR 7273 -isotypus) .
Mycelium composed of hyaline to pale brown hyphae, septate, branched and anastomosing, smooth, 4-17 mm wide. Colonies on PCA attaining of 85 mm diam after 1 wk at room temperature (22-25 x), flat, thin, consisting of submerged mycelium and sparse aerial hyphae, brown to dark brown (M. 6E2 to 6E6) ; reverse brown (M. 6E2). Ascomata superficial or immersed, scattered to grouped, globose, non-ostiolate, pale brown to dark brown at maturity, 140-400 mm diam, with scarce hypha-like hairs ; hairs smooth, septate, light brown to brown, 3-7 mm wide. Peridium 6-9 layered, brown, textura intrincata to epidermoidea, consisting of brown, thin-walled hypha-like cells measuring 4-12 mm diam, and irregular thick-walled cells measuring 7-18 mm diam. Asci fasciculate, cylindrical, thin-walled, 238-335r30-32 mm, stipitate, rounded to truncate at the apex with an apical ring, which are distinguished only at early stages, 8-spored. Paraphyses filiform, not septate, 2-6 mm thick. Ascospores uniseriate, one-celled, globose, 27-33(-35) mm, hyaline when young, becoming olive-brown and opaque ; walls ornamented with angular pits, forming a network pattern, with a circular and apical germ pore, 2-2.5 mm diam. Anamorph unknown.
Notes : At 35 x growing rapidly, but ascomata are not produced. N. uniporata resembles N. indica, N. sphaerospora, and N. stellata. All have globose Fig. 81 . N. saitoi. Fig. 82 . N. santi-florii. Fig. 83 . N. seminuda. Fig. 84 . N. sitophila. Fig. 85 . N. sphaerospora. Fig. 86 . N. stellata. Fig. 87 . N. sublineolata. Fig. 88 . N. terricola. Fig. 89 . N. tetraspora. Fig. 90 . N. tetrasperma. Fig. 91 . N. udagawae. Fig. 92 . N. varians. Bars=10 mm.
ascospores of a similar size and similar ornamentation pattern. However, N. uniporata has a single germ pore and the others have two or multiple germ pores.
Neurospora varians (Furuya & Udagawa) D. Garcı´a, Stchigel & Guarro, comb. nov. (Fig. 92 ) Gelasinospora varians Furuya & Udagawa, Trans. mycol. Soc. Japan 17 : 314 (1976) .
Ascomata ostiolate, 350-600r200-370 mm. Ascospores uniseriate, broadly ellipsoidal, 22-28r16-20 mm, rounded at both ends; walls with an irregular net-like pattern, with ovate to elongate ridges, 1.5-4 mm, one germ pore at each end. Notes: N. varians is close to N. pseudoreticulata, but the two can be easily differentiated by the number of the germ pores, two in the former and up to four in the latter.
Strain examined: IMI 223880. Distribution : Thailand. Soil. References : von Arx (1982) and Furuya & Udagawa (1976) .
Excluded species
Gelasinospora amorphoporcata was described by Udagawa (1980) on the basis of a single strain isolated from soil in Thailand. It is characterized by ascospores with several irregular and anastomosed crests that gives a reticulate appearance to their external surfaces. This peculiar ascospore ornamentation is not typical either of Neurospora or in any other fungal genus we seem. Therefore, the following new genus is proposed. Pseudoneurospora D. Garcı´a, Stchigel & Guarro, gen. nov.
Etym. : pseudo-(Greek)=false, untrue ; referred to the similarity with the redefined species of Neurospora. Ascomata pyriformia, ostiolata, glabra vel leniter pilosa. Peridium membranaceum, textura angularis. Asci cylindrici, structura apicalis non-amylodeis, 8-spori. Ascosporae unicellulares, ellipsoidea, reticulate cum cristis irregulariter rotundatis ornatis, foramine germinalis apicalis. Status conidialis nullus.
Typus: Pseudoneurospora amorphoporcata. This species has some similarities with Gelasinospora varians, but in the latter the reticulate ornamentation pattern is formed by irregular pits. Emblemospora Jeng & J. C. Krug 1976 is also morphologically similar to P. amorphoporcata, although in Emblemospora the external wall is formed by fine, hyaline fissures, which confer the appearance of small plate-like markings (Jeng & Krug 1976) . Similarly ornamented ascospores can be found in several genera of the Sordariaceae, e.g. Copromyces Lund. 1967, Diplogelasinospora Cain 1961, and Isia D. Hawksw. & Manohar 1978, but none of these combines the characters seen in P. amorphoporcata. Pseudoneurospora can be differentiated from Copromyces because the asci of the latter genus lack an apical ring (Lundqvist 1972) . Diplogelasinospora has pitted and 2-celled ascospores (Cain 1961 , Udagawa et al. 1973 , and in Isia the reticulated ornamentation of the ascospores is produced by the compact disposition of convexly swollen warts (Hawksworth & Manoharachary 1978 , Udagawa & Sugiyama 1982 
